The Clear Creek Forks landslide near Central City, Colorado, threatens a major highway junction in Colorado's Front Range. Movement of the landslide was first reported during the mid-1940's when highway engineers noted deformation in bridges at the base of the landslide. Displacements of fixed points on the landslide have been surveyed at various times over the past 46 years. Displacement rates ranged up to 0.6 m/yr in the early 1950's but currently appear to be decreasing or negligible. However, ongoing reconfiguration of the highway junction, and planned removal of a bridge at the base of the landslide in the spring of 1998, raise the possibility of renewed movement
Introduction
The Clear Creek Forks landslide is an unstable rock and colluvial slope at the junction of U.S. Highway 6 and Colorado State Highway 119 in Clear Creek County, Colorado (Fig. 1) . The bedrock is gneiss of Precambrian age (Sheridan and Marsh, 1976) . The foliation is locally irregular, but in the vicinity of the slide it generally strikes west and dips north at about the same angle as the surface of the ground (Fig. 2) . This is probably the primary geologic factor influencing stability of the slope.
From its geomorphic expression, the landslide appears to be a reactivated older slide. It has an estimated volume of 300,000 m3 and for many years has slowly pushed U.S. Highway 6 and two bridges at its base toward Clear Creek, a major stream draining the Front Range of Colorado. This landslide threatens an important junction in a major transportation corridor, a junction that is currently being reconfigured by the Colorado Department of Transportation (CDOT, formerly the Colorado State Highway Department).
Movement of the landslide was first reported during the mid-1940's when highway engineers noted deformation in the highway (Fig. 3 ) and in bridges F15T and F15V (built in the late 1930's) spanning Clear Creek at the base of the landslide (DJ. Varnes, U.S. Geological Survey, unpub. report 1952) . The bridge deformation, which was clearly related to movement of the landslide, was expressed by cracking of the abutments, northward tilting of the rockers (Fig. 4) supporting the bridge stringers, and complete closure of the original 7-9 cm clearance between ends of the stringers and the abutments of both bridges. During redecking of bridge F15T in 1985 the tipped rockers supporting the stringers were completely encased in new concrete, and cracks in abutments and wing walls were repaired (Lou Kingsley, CDOT, pers. commun. 3/24/98). As part of the ongoing highway reconfiguration, it is planned that the north abutment, stringers, and decking of bridge F15T will be removed in the spring of 1998.
In this report, we describe the movement history of the landslide, as documented by the surveying of fixed points on the landslide surface at various times from the early 1950's to the present Reconstructing the history of movement will help in assessing any renewed movement that may be caused by road construction and bridge removal.
Surveying History and Procedures
The first survey to monitor the slide was made by the Colorado State Highway Department, which set a survey pin in the highway roadbed and four striped wands up the center of the slide in May 1951. Thirty to sixty centimeters of movement were measured during the following year. In 1952, the U.S. Geological Survey (USCS) began measurements of points on the slide, using triangulation from known survey stations along the Clear Creek County line on the ridge over the tunnel north of bridge F15T (points A and B, Fig. 5 ). Others points (known as "D" points, Figs. 2 and 5) were added and measurements were made six times until June 1953. Additional measurements were made in April and May 1955. In 1975, after electronic distance measuring equipment (EDM) was acquired, more observing stations were set on the ridge and measurements by triangulation and trilateration were made on old points, where they could be recovered, and on some new points. Measurements were again discontinued until 1987, when the Colorado Geological Survey established five new points (known as "R" points, Figs. 2 and 5) and remeasured their positions from 1990 to 1996 using a 'total station' which is a combination theodolite and EDM. Starting in early 1996, the USGS added four new "R" points, and resumed measurements of all other recoverable points using a total station. From mid-1996 to present, the USGS has surveyed most points using differential Global Positioning System (GPS) techniques.
Our best estimate of the average error associated with all triangulation, EDM, and total station survey observations is about 0.1 m in easting and northing and 0.15 m in elevation. The average error of GPS observations is estimated to be about 0.02 m in easting and northing and about 0.03 m in elevation.
Movement History
Measured displacements provide, for some points, a 46-year record of movement and reveal that the landslide has moved down and generally toward the north. The measured displacement data are given in Tables  1, 2, Fig. 6a , and D2 and D5 in Fig. 6b ), suggest that most of the horizontal and vertical movement occurred prior to 1976. Displacement of D points to the north over the 25-year period prior to 1976, ranged from near zero for points D6 and D10 on or outside the boundary of the landslide, to about 1.5 m for points D2 and D3 along the central portion of the slide. About half of the total cumulative, pre-1976, north displacements occurred in the first years of monitoring. (1951 -52) . Present rates of north displacement of D points appear to have decreased or become negligible (Fig. 6a) . Vertical displacements are 50-70% of corresponding north displacements and show a similar decreasing trend (Fig. 6b) . The post-1976 record of movement is further documented by displacements of R points (Fig. 7 ), which were set in 1987. At first glance, it appears that R points have been displaced to the north by as much as 0.4 m, and to the east and vertically downward by as much as 0.2 m. However, surveying observations before 1996 were made using a total station and hand-held range rod, whereas observations after 1996 were predominantly made using more accurate GPS techniques. Taking observing errors into account, we conclude that since 1987 the east and vertical displacements are near zero, and that north displacements are in the 0.15-to 0.25-m range.
The upper portion of the slide has moved slightly toward the northeast, whereas the lower portion moved almost directly north (Fig 8) . Vectors of cumulative north displacements in the central and lower portion of the slide are focused almost directly toward bridge F15T (Fig. 8 ).
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